Nocardia ignorata is a recently described species identified on the basis of a single isolate of unknown origin. Here we describe the epidemiological, phenotypic, and phylogenetic characteristics of this new species, based on five new clinical and soil isolates.
Nocardia ignorata is a new species first described in 2001 on the basis of a single isolate (26) . This isolate was mistakenly used by a Microbiological Quality Control Laboratory and was dispatched to German laboratories labeled as a Mycobacterium sp. during a quality control exercise. Among the 400 isolates collected between 2000 and 2003 by the French Nocardiosis Observatory, five were distinguished by their atypical orange-then-black colony color on Bennett agar plates and aspect identical to that of the N. ignorata type strain, DSM 44496 T . Four of the five isolates were recovered from clinical specimens in Europe (see Table 1 for clinical data) and one was a soil isolate from the Ahmadi oil field in Kuwait (13) .
The five isolates had the ecological and epidemiological characteristics typical of Nocardia spp. (18) . Recovery of the Kuwaiti soil isolate (OFN N21) indicates that N. ignorata is present in soil, which is thought to be the primary Nocardia reservoir. The recovery site had been contaminated by crude oil spilled during the Gulf War, and it is noteworthy in this respect that actinomycetes can saprophytically digest and recycle several sources of carbon present in natural environments. Isolates OFN 27.3837 and OFN 00.69 were considered to be of uncertain clinical significance, and the patients involved were not treated, despite signs of lung disease and predisposing factors. Their clinical manifestations were attributed to cocultured microorganisms (Aspergillus fumigatus and Candida sp. in one patient and Mycobacterium intracellulare in the other patient). Furthermore, as Nocardia spp. are ubiquitous in the environment, their isolation from clinical samples may be spurious or simply reveal respiratory colonization (18) . In contrast, isolates OFN 03.01.4 and OFN 00.18 were both clearly responsible for multiple necrotizing pulmonary abscesses. Direct examination of sputum (patient 1) and bronchoalveolar lavage fluid (patient 2) showed gram-positive branching filamentous organisms, and culture yielded numerous colonies. The two patients had chronic obstructive pulmonary disease and were receiving steroid therapy, a well-documented predisposing factor for nocardiosis (2, 12) . Patient 1, who was receiving palliative care, died rapidly after diagnosis of nocardiosis.
All the isolates had initially been identified as N. asteroides or other Nocardia spp. Different molecular methods were used here for species identification. DNA was extracted with Chelex resin (17) . Genus-specific 16S rRNA PCR (17) confirmed that the five isolates belonged to the genus Nocardia. By hsp65 pattern restriction analysis (24) , all the isolates yielded the same specific band pattern, which was identical to that obtained with N. ignorata DSM 44496 T : BstE II (320 and 80 bp), MspI (130, 120, 115, and 70 bp), and Hinf I (250 and 190 bp) (data not shown). Definitive taxonomic classification of the five isolates was obtained by multilocus sequencing (5, 20) . Each gene was partially amplified, as follows: (i) a 606-nucleotide fragment of 16S rRNA, using primers Noc1 (5Ј-GCTTAACAC ATGCAAGTCG-3Ј; positions 46 to 64, Escherichia coli numbering) and Noc2 (5Ј-GAATTCCAGTCTCCCCTG-3Ј; positions 663 to 680, E. coli numbering) (20) ; (ii) a 441-nucleotide fragment of the hsp65 gene, using primers TB11 and TB12 (24) ; and (iii) a 438-nucleotide fragment encoding part of the RNA polymerase ␤-subunit, using primers Kim1 (5Ј-CGA CCACTTCGGCAACCG-3Ј) and TBB2 (5Ј-TACGGCGTC TCGATGAASCC-3Ј) (5) .
PCR products were purified and sequenced on both strands. The resulting sequences were aligned with the corresponding sequences of representative Nocardia species in the GenBank (16S rRNA) or Bioinformatic Bacterial Identification (BIBI) database (hsp65 and rpoB) (6) by using Clustal W software (25) . Using Mega and Phylo_win software (8, 16) , evolutionary trees were inferred with three treeing algorithms, the maximum-likelihood (7), maximum-parsimony (15), and neighbor-joining (22) methods, and the Kimura two-parameter model (14) . The robustness of the trees was tested by bootstrap resampling (1,000 replicates each).
The 16S rRNA, hsp65, and rpoB nucleotide sequences determined in the present study have been deposited in GenBank under accession numbers AY756554, AY769533, AY769532, AY769535, AY769531, AY769534, AY756526, AY769528, AY769527, AY769527, AY769530, AY769526, AY769529, AY885686, AY882016, AY882015, AY882018, AY882014, and AY882017.
Analysis of the phylogenetic trees constructed with Mega 2.1 software (16) showed that the five isolates and the type strain N. ignorata DSM 44496
T clustered together, separately from all other nocardial species (Fig. 1) . The 16S rRNA sequences showed more than 99.3% similarity to N. ignorata DSM 44496
T . The question of how similar a given strain must be to the reference strain before it can be assigned to the same species is controversial. A reporting criterion of Ͼ99% similarity for nocardial 16S rRNA (in the same region as that used here) with the MicroSeq 500 kit has been proposed by Cloud et al. (4), whereas Mellmann et al. calculated a criterion of Ͻ99.12% similarity in the same region for distinct species, with reference to the RIDOM database (19) .
Whatever the criterion used, the 16S rRNA patterns we obtained clearly grouped the five isolates together and identified them as N. ignorata. We also applied the same approach to the hsp65 gene and the rpoB gene, with reference to the BIBI database (6, 20) , which, on 2 October 2004, contained all validated Nocardia species. This approach yielded similar results: the six strains clustered together with similarities of Ͼ99.5% and bootstrap values of 99 (Fig. 1) . The combined use of sequences of several genes (16S rRNA, hsp65, and rpoB) refined the phylogenetic analysis and reinforced the 16S rRNA data. The agreement of the multilocus study strengthened the taxonomic and phylogenetic position of the six isolates, and also showed the low intraspecies variability of each gene. This multigene approach complies with the recommendations of the ad hoc committee reevaluating the definition of bacterial species (23). All our molecular results confirmed that the five new isolates belonged to N. ignorata.
The isolates were also characterized phenotypically by using conventional procedures (1, 9, 10, 11) , in order to further analyze intraspecies variability and to characterize the new species (Table 2 ). This approach also complies with the conclusions of the above-mentioned ad hoc committee, which recommended analysis of at least five isolates for definitive description of a new species (23) . Our biochemical and physiological results corresponded to previously published data on N. ignorata DSM 44496
T except for variable xylose and mannitol utilization as sole carbon sources.
MICs were determined by using the broth microdilution method according to the Clinical Laboratory Standards Institute guidelines for aerobic actinomycetes (3). The six isolates showed very similar susceptibility profiles, with the following MICs: amikacin, Ͻ0.06 g ⅐ ml Ϫ1 ; amoxicillin, 16 to 32 g ⅐ ml Ϫ1 ; cefotaxim, 128 to 256 g ⅐ ml Ϫ1 ; ciprofloxacin, 1 to 2 g ⅐ ml Ϫ1 ; imipenem, 1 to 4 g ⅐ ml Ϫ1 ; and trimethoprimsulfamethoxazole, 0.05/1 to 0.1/2 g ⅐ ml Ϫ1 . Imipenem, amikacin, and trimethoprim/sulfamethoxazole thus appear to be the 
